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The role of chromatin structure

It can give insights into how distant genomic 0—0-0-mmm-—0—
elements interacts with each other o .
o — e

It helps to understand the compartmentalization  compact %% @
of chromosomes within the nucleus
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It is essential to understand the mechanisms that
regulate the cell




Chromatin definition

Chromatin is composed of DNA complexed with histones and
other proteins

Chromatin formation enables the genome to be hierarchically
packaged or condensed so that it can fit inside the nuclear
space

The compaction allows to modulate gene transcription, DNA
repair, recombination, and replication

Chromatin structure is considered highly dynamic
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Chromatin structures

DNA The Nucleosome "Beads-on-a-String™ The 30nm Fibre Active Chromosome The Metaphase Chromosome
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Isolated patches. Genes under active transcription. Less active genes. During interphase. During cell division.
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Add core histones. Add hstone M1, Add further scaffold proteins. Add further scaffold proteins.
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The nuclear organization of DNA

Chromosome Chromatin fibre Nucleosome

Adapted from Richard E. Ballermann, 2012



The nucleosome

DNA_ Methyl group

Histone
Gene
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Histone proteins Acetyl group

Histone tail
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* Histone modification effects

Type of H3K4 H3K9 H3K14 | H3K27 H3K79 H4K20 H2BK5
modification
mono- L. L. L. L L L.
. activation | activation activation | activation | activation | activation
methylation
di-methylation | activation | repression repression| activation
. . - i i activation, i
tri-methylation | activation | repression repression ; repression
repression
acetylation activation | activation
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The chromatin compaction levels

4 11 nm fiber

Several nucleosomes in a row form what is often referred to 1
as a beads-on-a-string fiber (the 11 nm fiber)

30 nm fiber

When histones H1 or H5, referred to as linker histones, are
added to the 11-nm fiber, the condensed 30 nm fiber is
formed

The 30 nm fibers form the next level of compaction by
forming loops
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The chromatin compaction levels

11-nm fiber Nucleosome stacking 30-nm fiber
(primary level) (folded 11-nm fiber with (secondary level)
zigzag linker DNA)

Odd-numbered
nucleosome

Even-numbered
nucleosome

DNA

Protein scaffold

Chromatin loop

Nucleus

Metaphase
chromosome

Ot o0

Loops of 30-nm
fiber (tertiary level)

Organization of whole
chromosomes inside the
nucleus (quaternary level)

Adapted from Annu. Rev. Genomics Hum. Genet. 2012, 13:59-82
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Fuchromatin and heterochromatin

Electron microscopy
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Euchromatin:
chromatin that is located away from the nuclear lamina, is generally less

densely packed, and contains actively transcribed genes

Heterochromatin:
chromatin that is near the nuclear lamina, tightly condensed, and

transcriptionally silent
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Chromosome size

Complex genome organization

Takizawa, T., Meaburn, K. J. & Misteli, T. The meaning of gene positioning. Cell 135, 9-13 (2008).
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Lamina-genome interactions

Unlocking
Neuronal
gene gene Stemcell N\
genes ///
Cell-cycle

gene

== nuclear membrane
nuclear lamina

e internal chromatin (mostly active)
lamina-associated domains (repressed)

e Genes

“?; mRNA

Most genes in Lamina Associated Domains are transcriptionally silent,

suggesting that lamina-genome interactions are widely involved in the
control of gene expression
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Complex genome organization

Cavalli, G. & Misteli, T. Functional implications of genome topology. Nat Struct Mol Biol 20, 290-299 (2013).
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Marina Corral

cnag .
e
Sp—



Chromatin loops
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Loops bring distal genomic regions in close proximity to one another
This in turn can have profound effects on gene transcription

Enhancers can be thousands of kilobases away from their target genes in any
direction (or even on a separate chromosome)
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Main approaches

Light microscopy (FISH)
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Cell/molecular biology (3C-based methods)
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Restrain based modeling (IMP)
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5C technology

http://my5C.umassmed. edu

Job Dekker
Crosslink DNA Cut with Ligate Purify DNA Annealing Ligation
restriction locus-specific mediated
enzyme 5C primers amplification
AAGCTT AAGCTT
TTCGAA TTCGAA
\ -
“ -
- m
/S = F
-'—_

Dostie et al. Genome Res (2006) vol. 16 (10) pp. 1299-309
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Hi-C data and genomic tracks data
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Complex genome organization

Compartments

A compartments

Human chr 14
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Topologically Associating Domains (TADs)

100 Mb 101 Mb 102 Mb .103 Mb TADs

chrX 99 Mb

100 Mb.

101 Mb .

102 Mb:

103 Mb:

Median count in 30-kb window
2 98% of max

1 Mb

Topologically associating domains (TADs) can be made of up to hundreds of kb
in size

Loci located within TADs tend to interact more frequently with each other than
with loci located outside their domain

The human and mouse genomes are each composed of over 2,000 TADs,
covering over 90% of the genome

cnag



Human o-globin domain

ENCODE Consortium. Nature (2007) vol. 447 (7146) pp. 799-816
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The genome of Caulobacter Crescentus

Toy interaction matrix
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The genome of Caulobacter Crescentus
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The genome of Caulobacter Crescentus

Real interaction matrix
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Take home message

Chromatin = DNA + (histone) proteins

The genome is well organized and
hierarchically packaged

Histone modifications affect chromatin
structure and activity

3C-like data measure the frequency of
interaction between distant loci
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How DNA is packaged

53
% www.dnalc.org
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The Integrative Modeling Platform

http://integrativemodeling.org

&

home about news download doc wiki contact

IMP, the Integrative Modeling Platform

IMP’s broad goal is to contribute to a comprehensive structural characterization of biomolecules ranging in size and complexity from small peptides to large macromolecular
assemblies, by integrating data from diverse biochemical and biophysical experiments. IMP provides an open source C++ and Python toolbox for
solving complex modeling problems, and a number of applications for tackling some common problems in a user-friendly way. IMP can aiso be
used from the Chimera molecular modeling system, or via one of several web applications.

IMP is open source software, mostly available under the terms of the GNU Lesser General Public License (LGPL). (Some IMP modules are
available under the GNU GPL instead.)

Get started with IMP by downloading it and checking out the documentation.

The IMP software is used as part of the National Center for Dynamic Interactome Research (NCDIR).
S NCDIR

If you use IMP, please cite D. Russel, K. Lasker, B. Webb, D. Schneidman, J. Velazquez-Muriel, A. Sali, "Putting the pieces together: integrative structure determination of
macromolecular assemblies”, PLoS Biology, 2012. The main page of each IMP module in the documentation also lists publications relevant to that module.
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Installing IM

Install the required libraries:

sudo
sudo
sudo
sudo
sudo
sudo

apt-get
apt-get
apt-get
apt-get
apt-get
apt-get

install
install
install
install
install
install

cmake
libboostl.49-all-dev
libhdf5-dev

swig

libcgal-dev
python-dev

Download the IMP tarball file from http://salilab.org/imp/ and uncompress it:

wget http://salilab.org/imp/get.php?pkg=2.0.1/download/imp-2.0.1.tar.gz -0 imp-2.0.l.tar.gz

tar xzvf imp-2.0.l.tar.gz

Move to the IMP directory and compile the code
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http://salilab.org/imp/
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Compiling IMP

cd imp-2.0.1

cmake . -DCMAKE_BUILD_TYPE=Release -DIMP_MAX_CHECKS=NONE -DIMP_MAX_LOG=SILENT
make -j4

Once the compilation has finished, open the file setup_environment.sh in your IMP directory and copy the first lines
into your ~/.bashrc file (if this file in not present in your home directory, create it). These lines should look like:

LD LIBRARY PATH="/SOMETHING/imp-2.0.1/1ib:/SOMETHING/imp-2.0.1/1ib:/SOMETHING/imp-2.0.1/src/
dependency/RMF/:$LD LIBRARY PATH"
export LD LIBRARY PATH

PYTHONPATH="/SOMETHING/imp-2.0.1/1lib:/SOMETHING/imp-2.0.1/1ib:/SOMETHING/imp-2.0.1/src/dependency/
RMF/ : SPYTHONPATH"

export PYTHONPATH

>> Do not copy the lines above, copy them from setup_environment.sh,

where SOMETHING is replaced by your real path to IMP <<



Installing Chimera

http://www.cql.ucsf.edu/chimera/

Quick Links

Rocumentation
Getting Started
User's Guice
Command \das
Tatarials and Yideos
Cutde 2 Yotume Oata
Futoane Notey
Dowriond
What's New in Daily Duilgs
Gavenes
Image Gallery
Animation Gallery
Publications and Talka
Aelaned Datatases and
Software
Citing Chimers
Comact Us

romw awerview
oafreoch & fraining

UCSF CHIMERA

an Extensible Molecular Modeling System

VCSF Chimera s Rghly sctensbie program lor inferactive visualization and aralyss of molecular sinctures and related data, Including denslly maps, supramoleculr
Aasemblied, SeGuence aigrments, docking results, ajeciored, and conformational ersembles. Mgh-Qually images and animations can 2o genecaled. Chismers includes
complete documentation and several hutonals. and can be downioadod Mee of Chavge for ACademic, Qovemment, noN-Erofit, and porsonal use. Chmen is developed by
o Besowrce S Blocomputng, Visuaization, and Infermancs. funded by the National Insittes of Health INGMS P41 GMI0311)

Feature Highlight
Multiscale Models

The Mutiacae Models extersion alows Churmera %0 daplary W0 Compiexes Such &% YUl Sopsl. nosomes. and chromaln. ® daplays
e Quatormary siructiuse of POB models and allows subunits 10 be selecied and shown in atomsic Setal. Matrices are road from PDE fles
hat specily the biological unt. Crystallographo packing can also Do shown

(More foatures...)
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Chimera commands

Align
match.sh #1 #0

Select
select #model:particles

Measure
distance #0:1-2
angle #0:1-2

Display

vdwdefine #radius

shape tube #0 radius 1 bandLength 3 segmentSubdivisions 10
shape tube #0 rad 1 band 3 seg 10

Surface
molmap #all 80
color
transparency
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